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ABSTRACT 

This study was carried out to determine the effect of 

atrazine (triazine) herbicide on the structural features of 

some digestive organs. Twelve (12) Albino Wistar rats 

weighing 96.1kg – 99.9kg were divided into 4 groups. Two 

groups made up of four rats in each group were the 

experimental group while the remaining two groups made up of 

the same number of rats were for the control. The males 

were separated from the females. Experimental groups feed 

pellets were treated with 3 mls. of the herbicide. The rats 

were fed with the treated feeds for the period of 28 and 42 

days after which the selected organs (liver, stomach and large 

intestine) were harvested. The control groups were also fed 

for the same period of time but the feeds were not treated 

with atrazine herbicide. The organs mentioned above were 

also harvested from the control groups. Histological analysis 

was carried out on the organs and the results showed 

irregularity of hepatic columns in the liver. Some hepatocytes 

have clear vacuolated cytoplasm and densely stained nuclei. 

Congestion of central vein which was as a result of uneasy 

flow of blood due to improper oxygenation and dilation of the 

blood sinusoids with the disappearance of the hepatocytic 

vacuolation which resulted to increased number of mitotic 

figures and prominent nuclei on rat liver exposed to atrazine 

for 28 and 42 days were also observed. There were damages 
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in the mucosal layer and degenerative changes in columnar 

epithelial cells in the stomach of the experimental animals.  

Fatty deposition in the basal region, top plate thinning on 

stomach exposed to the herbicides for 28 and 42 days were 

also noticed. The large intestine of the rats fed for 28 days 

with treated feeds showed detachment of epithelia layer 

from lamina propria while that of the rats fed for 42 days 

showed distortion in the columnar epithelia cells and in 

connective tissue of lamina propria. These findings were not 

observed in the control groups when both groups were 

compared. Based on the above findings the study therefore 

concludes that atrazine herbicide has deleterious effect on 

the organs of the digestive system.  

Keywords: Atrazine, Hepatocyte, Fumigation, Herbicide, 
Stomach and Intestine 
 

INTRODUCTION  

Atrazine is a white, 

crystalline solid substance. 

It is a chlorotriazine and 

consist of a ring structure 

called the triazine ring 

along with five nitrogen 

atoms and chlorine atoms. 

It is stable under normal 

temperatures and 

pressures, but may burn if 

exposed to heat or flame. 

Excessive heating of 

Atrazine may cause the 

production of toxic fumes 

of nitrogen. Atrazine is 

stable in neutral, slightly 

acidic or basic, but it is 

hydrolyzed by alkali or 

mineral acids at higher 

temperatures (Hayes & 

Laws, 1990, Saglio and 

Trijasse 1998, Tillitt et al, 
2010,).  Atrazine being an 

herbicide of the triazine 

class is used to prevent pre-

and post emergence 

broadleaf weeds. Atrazine 

is an herbicide that is used 

to stop pre and post 

emergence broad leave and 

grassy weeds in crops such 
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as sorghum, maize, 

sugarcane, lupins, pine and 

eucalypt plantations and 

triazine tolerant canola. In 

2014, atrazine was the 

second most widely used 

herbicides after 

glyphosate.  

Toxicologically, Atrazine is 

grouped into acute and 

chronic toxicity. Atrazine is 

slightly to moderately toxic 

to humans and other 

animals. It can be absorbed 

into the blood stream 

through oral, dermal and 

inhalation exposure. From 

studies so far, forty 

percent of rats receiving 

oral doses of 20mg/kg per 

day for 6 months dies with 

signs of respiratory 

distress and paralysis of 

the limbs, morphological and 

biochemical changes in the 

brain, heart, liver, lungs, 

kidney, ovaries and 

endocrine organs were 

observed and there was also 

retardation of growth. 

 

Atrazine is from cyanuric 

chloride which is treated 

sequentially with ethylamine 

and isopropyl amine. Like 

other triazine herbicides, 

atrazine functions by 

binding to the 

plastoquinone-binding 

protein in photosystem II, 

which animal’s lack. Plant 

death results from 

starvation and oxidative 

damage caused by 

breakdown in the electron 

transport process. 

Oxidative damage is 

accelerated at high light 

intensity. Atrazine remains 

in soil for a matter of 

months (although in some 

soils can persist to at least 

four years (Kearney and 

Kaufucan, 1975, Le Baron et 
al, 2008). And can migrate 

from soil to groundwater. 

Once in groundwater, it 

degrades slowly. It has 

been detected in 

groundwater at high levels 

in some regions. Atrazine 

degrades in soil primarily 

from 13 to 261 days.  
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 Once atrazine is applied, 

some part may enter the air 

(via volatilization). Some 

may be washed from the 

soil by rainfall and enter 

surrounding areas including 

streams, lakes or other 

waterways and the 

remaining may migrate from 

the upper soil surface to 

deeper soil layers and enter 

the groundwater. In most 

cases, atrazine breaks down 

in the soil over a period of 

one growing season.  

Atrazine is removed from 

air mainly by rainfall. When 

atrazine is on dust 

particles, the wind can blow 

it long distances from the 

nearest application area. 

Atrazine does not tend to 

accumulate in living 

organism such as algae, 

bacteria, clams, or fish and 

therefore does not tend to 

build up in the food chain 

(Rohr and crumrine, 2005, 

Blahova et al,2013). 

 

If atrazine containing dust 

is inhaled, some of the 

particles may deposit in 

lungs larger atrazine 

particles may deposit 

before reaching the lungs 

and be coughed up and 

swallowed. If human skin 

comes in contacts with 

atrazine contaminated soil 

or water, a small amount of 

it may pass though skin and 

into the bloodstream.  If 

one swallows food water, or 

soil containing atrazine, 

most of it will pass through 

the lining of stomach and 

intestines and enter 

bloodstream. Once atrazine 

enters bloodstream i.e. is 

absorbed, it is distributed 

to many parts of the body. 

Some atrazine and its 

metabolites enters some of 

the organs or fat, but 

atrazine does not build up 

or remain in the body. Most 

of the metabolites leave the 

body within 24-28 hours 

primarily through urine, 

with a lesser amount in the 

feces (Rohr and Crumrine, 

1997, Solomon et al, 2008, 

Fu et al 2013). 
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Atrazine is almost 

completely absorbed from 

the gastrointestinal tract 

and only penetrates the skin 

to a very limited extent the 

absorbed herbicides is 

rapidly eliminated. From 

studies using rats, the 

whole body half life is about 

1.3 days and 95% of the 

dose is eliminated within 7 

days (Bakke et al, 1972, 

Kreutz et al, 2012). The 

highest concentration of 

atrazine and its metabolites 

is found in the red blood 

cells, to which the atrazines 

bind effectively.  The 

primary route of elimination 

in rodents is via the urine. 

Absorption from the skin 

may be relatively low, 

dermal absorption is 

concentration dependent 

and proportional by higher 

for dilute solutions. 

In another study on workers 

in the manufacturing 

industry of atrazine, the 

doubly dealkylated 

metabolite comprised 80% 

of urinary metabolites; 

whereas only 2% unchanged 

atrazine was detected 

(Barbier et al, 1992, Mela et 
al, 2013). In study on human 

skin, three quarters of the 

applied doses was still 

retained by the skin after 

20 hours and some 

metabolites took place in its 

original position. Those who 

rely on surface or 

groundwater for drinking 

water and who live 

downstream from fields 

where atrazine is applied to 

crops may be exposed 

through contaminated 

drinking water. 

 

The factory worker can be 

exposed to higher amount 

of it. Farm workers and 

herbicide applicators who 

apply atrazine may be also 

exposed to atrazine 

because it is used in 

agriculture. Those digging in 

dirt that has atrazine. 

Children playing in dirt that 

contains atrazine may also 

be exposed to it if they 
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drink water from wells that 

are contaminated with the 

herbicide. The various ways 

of exposure are breathing, 

drinking, eating and 

touching the 

herbicide.(Sharh et al, 
1987, Plhalova et al, 2012) 

 

MATERIALS AND 

METHODS 

The following materials and 

methods were used and 

followed in this experiment. 

 

Experimental Animals and 

Treatment 

A total of 12 adult Albino 

Wister rats, made up of 6 

males and 6 females with 

weights ranging from 

96.1kg, - 99.9kg, length 

30cm – 34cm, width 4cm-

5cm, height 1.5cm-2.0cm 

were used. The animals were 

separated into 4 groups. 

There were two groups in 

the experimental animals 

making a total of 8 rats in 

the experimental group. In 

all the groups, male rats 

were separated from the 

female to avoid pregnancy.  

 

The experimental animals 

and control group were 

housed in the same 

environment (house). All the 

groups were fed with normal 

rat pellets and drinking tap 

water. The weight of the 

pellets for experimental 

group was 100g while that 

of control group was 50g. 

They were fed for 7 days in 

a week. 3ml of liquid 

atrazine was introduced into 

the feeds of the 

experimental groups. The 

animals, both experimental 

and control groups were 

acclimatize for 7 days 

before exposing the 

experimental group to the 

contaminated or treated 

food. 

  

Collection of organs of the 

digestive system 

After 28 days of feeding 

and treatment, the animals 

were weighed and the 

weights were recorded 
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before sacrifice. The 

animals were made 

unconscious with chloroform 

ether inhalation (cotton 

wool soaked with 3.5% 

chloroform – ether) after 

which they were sacrificed 

by cervical dislocation at 

baseline. The organs of the 

gastro intestinal systems 

were collected which 

includes the stomach, liver 

and the large intestine.The 

excised organs were 

preserved in a universal 

bottle containing 10% 

formalin (formaldehyde). 

 

METHODS 

The following 

histopathologic techniques 

were used in processing the 

tissue samples. 

Fixation: The different 

organs collected from the 

gastro intestinal system of 

albino Wister rats were 

fixed in 10% formalin.  

 

Dehydration: This was done 

by using graded 

concentration (70 – 100%) 

alcohol. The tissue was 

passed through low 

concentration of alcohol to 

high concentration. Other 

techniques include clearing, 

infiltration with paraffin 

wax, embedding, sectioning, 

floating, staining with 

haematoxylin and eosin and 

mounting with DPX. 

 

RESULTS 

This study experimentally 

evaluated the effect of 

atrazine herbicides on liver, 

stomach and large intestine 

and the findings were as 

presented below.  

The structural features of 

the liver from the rat that 

was not fed with the food 

contaminated with atrazine 

herbicide (control) showed 

portal triad and 

hepatocytes (Figure 1). Bile 

canaliculi were also seen 

between the 

hepatocytes.(Figure1) below. 
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Figure 1.Photomicrograph showing the structural features of 

the livers from the rat that the feed was not contaminated 

with atrazine (Control). H & E. (X 40) 

 

The structural features of the liver from the rat that the 

feed for 28 days was contaminated with atrazine herbicide 

showed irregularity of the hepatic columns (Figure 2). Some 

hepatocytes have clear vacuolated cytoplasm and densely 

stained nuclei (Figure 2). It also showed dilapidated and 

congestion of central veins as well as blood sinusoids which 

was as a result of uneasy flow of blood due to improper 

oxygenation. (Figure 2) below. 
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Figure 2. Photomicrograph showing the structural features of 

the liver from the rat that the feed was contaminated with 

atrazine herbicide. H &E (X 40) 

 

The structural features of the liver from the rat that the 

food for 42 days was treated or contaminated with atrazine 

herbicide showed congestion and dilatation of the blood 

sinusoids with disappearance of hepatocytic vacuolation. 

(Figure 3). Heavy impact is shown which also caused increased 

number of mitoctic figures and prominent nuclei. (Figure 3) 

below. 
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Figure 3: Photomicrograph showing the structural features of 

the liver from the rat that the food for 42 days was 

contaminated with atrazine herbicide. H & E (X 40) 

 

The structural features of the stomach from the rat that was 

given the food that was not contaminated with atrazine 

herbicide (Control) showed normal chief and parietal cells 

(Figure 4) below. 

 

 
 

 

Figure 4: Photomicrograph showing the structural features 

of the stomach from the rat that the food was not 

contaminated with atrazine herbicide (Control). H & E (X 40). 
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The structural features of the stomach from the rat that was 

fed for 28 days with the food treated or contaminated with 

atrazine herbicide showed damage in the mucosa folds (Figure 

5). There was no other prominent change observed (Figure 5) 

below 

 

 
 

 

Figure 5: The photomicrograph showing the structural 

features of the stomach from the rat that the food for 28 

days was treated with atrazine herbicide. H & E (X 40). 

 

The structural features of the stomach of the rat that was 

fed for 42 days with food contaminated or treated with 

atrazine herbicide showed degenerative changes in columnar 

epithelia cells, and fatty deposition in the basal region (Figure 

6). There is also the presence of top plate thinning (Figure 6) 

below. 
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Figure 6: The photomicrograph showing the structural 

features of the stomach from the rate that the food for 42 

days was treated with atrazine herbicide. H & E (X 40). 

 

The structural features of the large intestine of the rat that 

the food was not contaminated with atrazine herbicide 

(Control) showed normal sub mucosa, muscular is mucosa and 

simple columnar epithelium lamina propria. (Figure 7) below. 
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Figure 7: The photomicrograph (high powered) of the large 

intestine from the rat that the food was not treated or 

contaminated with atrazine herbicide (Control). H & E (X 40). 

 

 

The structural features of the large intestine of the rat that 

was fed for 28 days with the food that was contaminated or 

treated with atrazine showed detachment of epithelia layer 

from lamina propria (Figure 8). The structures are almost 

normal with the presence of mucus secretion (Figure 8) below. 
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Figure 8: The photomicrograph showing the structural 

features of the large intestine of the rat that the food for 

28 days was contaminated with atrazine. H & E ( X 40). 

 

 

The structural features of the large intestine of the rat that 

was fed for 42 days with the food that was contaminated or 

treated with atrazine showed distortion in the columnar 

epithelia cells and distortion in connective tissue of lamina 

propria. (Figure 9) below. 
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Figure 9: The photomicrograph showing the structural 

features of the large intestine of the rat that the food for 

42 days was contaminated with atrazine. H & H (X 40). 

 

DISCUSSION 

The findings on the 

investigation on the effect 

of atrazine on some organs 

of the digestive tract have 

been presented. For the 

liver, it was shown that 

there were some 

abnormalities in the tissues 

from the experimental 

animal due to the effect of 

attazine when compared 

with the tissue from the 

control animal (Figures 1 to 

3). Some of the 

abnormalities observed 
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include clear vacuolated 

cytoplasm, dilapidated and 

congestion of veins as well 

as blood sinusoids as a 

result of improper 

oxygenation due to the 

effect of atrazine. It also 

showed dilatation of the 

blood sinusoid and 

disappearance of 

hepatocytic vacuolation, 

increased number of mitotic 

and prominent nuclei 

(Figures 2 and3). These 

findings agree with the 

study by Santamaria (1980) 

who found that atrazine can 

damage both the liver and 

kidneys, in a study of 

female pigs fed atrazine at 

a dose of 7mg/kg per day 

for 19 days, researchers 

noted degeneration of the 

liver. Liver degeneration 

also occurred in 

experiments with rats, but 

at higher doses. 

 

For the stomach there were 

some abnormalities noted in 

the experimental animals 

due to the effect of 

atrazine when compared 

with the control animal 

(Figures 4 to 6).Some of 

the abnormalities observed 

include damage in the 

mucosa folds, degenerative 

changes in columnar 

epithelia cells, fatty 

deposition in the basal 

region and top plate thinning 

(Figures 5 and 6). These 

findings agrees with the by 

Van. et al, (1999) who found 

that atrazine that as 

herbicides were positively 

associated with stomach 

cancer incidence while 

Nitrate herbicides were 

negatively associated with 

stomach cancer incidence.  

For the large intestine, 

some abnormalities due to 

the effects of atrazine 

were observed in the 

tissues of the experimental 

animals when compared with 

the control animal (Figures 

8 and 9). Some of the 

abnormalities noted include 

detachment of epithelia 

layer from lamina propria 
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and presented mucus 

secretion. (Figures 8) 

 

There were also other 

abnormalities observed in 

the rat that the feed was 

treated or contaminated 

with atrazine such as 

distortion of the columnar 

epithelia cells and distortion 

of connective tissues of 

lamina propria (Figures 9). 

These findings agrees with 

the study by Greenman et 
al., (1997) which showed 

that atrazine resulted in 

intestinal and colonic 

epithelial cell that had 

increase in cell growth when 

treated with little of 

atrazine. Within 

concentration range used, 

none of the herbicides or 

pesticides caused a 

decrease in cell 

proliferation below that of 

the untreated control 

cultures. Overall treatment 

of IEC-6 cell cultures with 

atriazine produce a biphasic 

growth response. 

 

CONCLUSION 

Based on the findings 

stated above, this study 

therefore concludes that 

atrazine has deleterious 

effect on the structural 

features of the organs of 

the digestive system. This 

study also recommends that 

more studies should be 

conducted on human being 

mostly those that use 

atrazine to fumigate or kill 

weeds in their farm and 

those that eat uncooked 

vegetables. Government 

agency is also recommended 

to take appropriate control 

on the use of atrazine.  
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